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Dear Sir: 

The following documents and fees are submitted herewith in connection with the above 
application for the purpose of entering the National stage under 35 U.S.C. § 371 and in 
accordance with Chapter II of the Patent Cooperation Treaty: 

0 an executed Declaration and Power of Attorney. 

0 an English translation of the International Application. 

0 11 sheet(s) of drawings. 

□ an English translation of Article 19 claim amendments. 

0 an English translation of Article 34 amendments (annexes to the IPER). 

0 an executed Assignment and PTO 1595 form. 

0 a Form PTO- 1449 listing the 1SR references, and a complete copy of each reference. 
0 a Preliminary Amendment 

It is assumed that copies of the International Application, the International Search Report, 
the International Preliminary Examination Report, and any Articles 19 and 34 amendments as 
required by § 371(c) will be supplied directly by the International Bureau, but if further copies 
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The Government filing fee is calculated as follows: 

Total claims 4_ - 20 = x $18.00 = $.00 

Independent claims 3_ - 3 - x $84.00 = $.00 



Base Fee $890.00 

TOTAL FILING FEE $890.00 
Recordation of Assignment $ 40.00 

TOTAL FEE $930.00 

Checks for the statutory filing fee of $890.00 and Assignment recordation fee of $40.00 
are attached. You are also directed and authorized to charge or credit any difference or 
overpayment to Deposit Account No. 19-4880. The Commissioner is hereby authorized to 
charge any fees under 37 C.F.R. §§ 1.16, 1.17 and 1.492 which may be required during the entire 
pendency of the application to Deposit Account No. 19-4880. A duplicate copy of this 
transmittal letter is attached. 
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PATENT APPLICATION 
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of 

Akihiro GOTO, et al. 

P-CT/JP99/06630 

Appln. No.: Not yet assigned 

Confirmation No.: Not yet assigned * Group Art Unit: Not yet assigned 

Filed: March 22, 2002 Examiner: Not yet assigned 

For: A METHOD OF MANUFACTURING AN ELECTRODE FOR DISCHARGE SURFACE 
TREATMENT . 

PRELIMINARY AMENDMENT 

Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to examination, please amend the above-identified application as follows: 
IN THE TITLE : 

Please delete the present title and replace it with the following new title: 

A METHOD OF MANUFACTURING AN ELECTRODE FOR DISCHARGE 
SURFACE TREATMENT 

IN THE SPECIFICATION : 

The specification is changed as follows: 

Page 1, second paragraph 

The present invention relates to improvements in a method of manufacturing an electrode 
for discharge surface treatment, and a discharge surface treatment method. This electrode is used 
in a discharge surface treatment of generating an electric discharge between the electrode and a 
treatment target material, and forming a hard coat of the material of the electrode or of a matter 
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Preliminary Amendment PCT/JP99/06630 

Filed November 29, 1999 

obtained by reacting the electrode material by discharge energy on the surface of the treatment 
target material utilizing the energy radiated during the electrical discharge. 

Page 5, first paragraph 

It is an object of the present invention to provide a method of manufacturing an electrode 
for discharge surface treatment capable of forming a high hardness hard material on a treatment 
target material even under a high temperature environment. 

Pages 5-6, delete paragraphs 2-5 in its entirety. 

Page 6, delete first full paragraph in its entirety. 
Page 6, second full paragraph 

The method of manufacturing an electrode for discharge surface treatment according to 
the present invention provides an electrode to be used for a discharge surface treatment of 
generating an electric discharge between the electrode and a treatment target material and 
forming a hard coat on a surface of the treatment target material utilizing the energy radiated 
during the electrical discharge. The electrode is formed by adding wax to materials of the 
electrode, then compression-molding the material added with the wax, heating the compression- 
molded material at a temperature not less than a temperature of melting the wax and not more 
than a temperature of decomposing the wax to generate soot, and evaporating and removing the 
wax. 

Page 8, delete second full paragraph and paragraphs 3-4 in their entirety (page 8, 
line 14, through page 9, line 2). 
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Preliminary Amendment PCT/JP99/06630 

Filed November 29, 1999 

Page 24, first paragraph 

As stated so far, the method of manufacturing the electrode for discharge surface 
treatment according to the present invention are suited for use in industries associated with the 
surface treatment which forms a hard coat on the surface of a treatment target material. 

IN THE CLAIMS : 

Please cancel claims 1-5 and 10-12 without prejudice or disclaimer. 

Please enter the following amended claims: 

6. A method of manufacturing an electrode for discharge surface treatment, comprising; 
providing an electrode to be used for a discharge surface treatment by generating an electric 
discharge between the electrode and a treatment target material and forming a hard coat on a 
surface of the treatment target material utilizing the energy radiated during the electrical 
discharge, wherein said electrode is formed by adding wax to materials of said electrode, then 
compression-molding the wax added material, heating the compression-molded material to a 
temperature not less than a temperature of melting the wax and not more than a temperature of 
decomposing the wax to generate soot, and evaporating and removing said wax. 
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Preliminary Amendment PCT/JP99/06630 

Filed November 29, 1999 



REMARKS 

Entry and consideration of this Amendment is respectfully requested. The amendment 
effects the Article 34 amendments entered during the international phase; a translation of the 
original Article 34 amendment is also attached. 

Respectfully submitted, 




SUGHRUE MION, PLLC Richard C. Turner 

2 100 Pennsylvania Avenue, N.W. Registration No. 29,710 

Washington, D.C. 20037-3213 

Telephone: (202) 293-7060 

Facsimile: (202) 293-7860 

Date: March 22, 2002 
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Preliminary Amendment PCT/JP99/06630 

Filed November 29, 1999 

APPENDIX 

VERSION WITH MARKINGS TO SHOW CHANGES MADE 
IN THE TITLE : 

Please delete the present title and replace it with the following new title: 

Delete "AN ELECTRODE FOR DISCHARGE SURFACE TREATMENT, A METHOD OF 
MANUFACTURING THE ELECTRODE FOR DISCHARGE SURFACE TREATMENT, AND 
A DISCHARGE SURFACE TREATMENT METHOD" and insert 

--METHOD OF MANUFACTURING AN ELECTRODE FOR DISCHARGE SURFACE 
TREATMENT— 

IN THE SPECIFICATION : 

The specification is changed as follows: 

Page 1, second paragraph 

The present invention relates to improvements in [an electrode for discharge surface 
treatment, a method of manufacturing the electrode for discharge surface treatment] a method of 
manufacturing an electrode for discharge surface treatment , and a discharge surface treatment 
method. This electrode is used in a discharge surface treatment of generating an electric 
discharge between the electrode and a treatment target material, and forming a hard coat of the 
material of the electrode or of a matter obtained by reacting the electrode material by discharge 
energy on the surface of the treatment target material utilizing the energy radiated during the 
electrical discharge. 
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Preliminary Amendment PCT/JP99/06630 

Filed November 29, 1999 

Page 5, first paragraph 

It is an object of the present invention to provide [an electrode for discharge surface 
treatment, a method of manufacturing the electrode for discharge surface treatment, and a 
discharge surface treatment method] a method of manufacturing an electrode for discharge 
surface treatment capable of forming a high hardness hard material on a treatment target material 
even under a high temperature environment. 

Pages 5-6, delete paragraphs 2-5 in their entirety (extending into page 6). 

Page 6, delete first full paragraph in its entirety. 
Page 6, second full paragraph (extending into page 7) 

[Moreover, the electrode for discharge surface treatment is formed by adding wax to 
materials of the electrode, then compression-molding the material added with the wax, heating 
the compression-molded material at a temperature not less than a temperature of melting the wax 
and not more than a temperature of decomposing the wax to generate soot, and evaporating and 
removing the wax]. The method of manufacturing an electrode for discharge surface treatment 
according to the present invention provides an electrode to be used for a discharge surface 
treatment of generating an electric discharge between the electrode and a treatment target 
material and forming a hard coat on a surface of the treatment target material utilizing the energy 
radiated during the electrical discharge. The electrode is formed by adding wax to materials of 
the electrode, then compression-molding the material added with the wax, heating the 
compression-molded material at a temperature not less than a temperature of melting the wax 
and not more than a temperature of decomposing the wax to generate soot, and evaporating and 
removing the wax . 

Pages 8-9, delete second full paragraph and paragraphs 3-4 in their entirety (page 8, 
line 14, through page 9, line 2). 
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Preliminary Amendment PCT/JP99/06630 

Filed November 29, 1999 

Page 24, first paragraph 

As stated so far, [the electrode for discharge surface treatment, the method of 
manufacturing the electrode for discharge surface treatment, and the discharge surface treatment 
method] the method of manufacturing the electrode for discharge surface treatment according to 
the present invention are suited for use in industries associated with the surface treatment which 
forms a hard coat on the surface of a treatment target material. 

IN THE CLAIMS : 

Claims 1-5 and 10-12 are canceled. 

The claims are amended as follows: 

6. (Amended) [The method according to claim 5, wherein said electrode is formed by 
adding wax to materials of said electrode, then compression-molding the material added with the 
wax, heating the compression-molded material at a temperature not less than a temperature of 
melting said wax and not more than a temperature of decomposing said wax to generate soot, 
and evaporating and removing said wax] A method of manufacturing an electrode for discharge 
surface treatment, comprising; providing an electrode to be used for a discharge surface 
treatment by generating an electric discharge between the electrode and a treatment target 
material and forming a hard coat on a surface of the treatment target material utilizing the energy 
radiated during the electrical discharge, wherein said electrode is formed by adding wax to 
materials of said electrode, then compression-molding the wax added material, heating the 
compression-molded material to a temperature not less than a temperature of melting the wax 
and not more than a temperature of decomposing the wax to generate soot, and evaporating and 
removing said wax. 
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SPECIFICATION 



TITLE OF THE INVENTION 

An electrode for discharge surface treatment, a method 
5 of manufacturing the electrode for discharge surface 
treatment, and a discharge surface treatment method 



TECHNICAL FIELD 

The present invention relates to improvements in an 

10 electrode for discharge surface treatment, a method of 
manufacturing the electrode for discharge surface treatment, 
and a discharge surface treatment method. This electrode 
is used in a discharge surface treatment of generating an 
electric discharge between the electrode and a treatment 

15 target material, and forming a hard coat of the material 
of the electrode or of a matter obtained by reacting the 
electrode material by discharge energy on the surface of 
the treatment target material utilizing the energy radiated 
during the electrical discharge. 

20 

BACKGROUND ART 

Conventionally, as a technique which forms a hard coat 
on the surface of a treatment target material and applies 
corrosion resistance and abrasion resistance to the 
25 treatment target material, there is a discharge surface 
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treatment method disclosed by , for example, Japanese Patent 
Application Laid-Open No. 5-148615. This technique is a 
discharge surface treatment method for a metallic material 
including two treatments. Namely, the primary treatment 
5 (deposition treatment) is performed using a green compact 
electrode which is an electrode for discharge surface 
treatment obtained by mixing WC (tungsten carbide) powder 
with Co (cobalt) powder and compression-molding the powder 
mixture, and the secondary treatment ( re-melting treatment ) 

10 is performed after replacing the green compact electrode 
by an electrode, such as a copper electrode, having 
relatively low electrode consumption. With this method, 
although it is possible to form a hard coat having high 
adhesion onto a steel product, it is difficult to form a 

15 hard coat having high adhesion onto a sintered material such 
as a cemented carbide . 

Nevertheless, the studies, carried by the inventor (s) 
show that if a material which forms a hard carbide such as 
Ti is used as the electrode and discharge is generated between 

20 the electrode and a metallic material which is a treatment 
target material, it is possible to form a rigid, hard coat 
on the surface of the metal which is the treatment target 
material without a re-melting process . This is because the 
electrode material consumed by the discharge reacts with 

25 carbon contained in a treatment solution and TiC (titanium 
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carbide) is thereby formed. Our studies also show that if 
discharge is generated between a green compact electrode 
which is formed from a metallic hydride such as TiH 2 (titanium 
hydride) and a metallic material which is a treatment target 
5 material by the electrode, it is possible to swiftly form 
a hard coat having high adhesion compared with an electrode 
formed out of a material such as Ti . Our studies further 
show that if discharge is generated between a green compact 
electrode which is formed by mixing the other metal or 

10 ceramics with a hydride such as TiH 2 , and a metallic material 
which is a treatment target material by the electrode, it 
is possible to swiftly form a hard coat exhibiting various 
properties such as high hardness and abrasion resistance. 

The method as stated above is disclosed in, for example , 

15 Japanese Patent Application Laid-Open No. 9-192937. An 
example of the configuration of an apparatus used for such 
a discharge surface treatment will be described with 
reference to Fig . 10. In Fig. 10, re ference numeral 1 denote s 
a green compact electrode which is an electrode for discharge 

20 surface treatment obtained by compression-molding TiH 2 
powder, reference numeral 2 denotes a treatment target 
material, reference numeral 3 denotes a treatment bath, 
reference numeral 4 denotes a treatment solution, reference 
numeral 5 denotes a switching element switching a voltage 

25 and a current applied to the green compact electrode 1 and 
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the treatment target material 2, reference numeral 6 denotes 
a control circuit on/of f -controlling the switching element 
5, reference numeral 7 denotes a power supply, reference 
numeral 8 denotes a resistor and reference numeral 9 denotes 
5 a hard coat formed . With such a configuration, it is possible 
to generate discharge between the green compact electrode 
1 and the treatment target material 2 and to form the hard 
coat 9 on the surface of the treatment target material 2 
made of steel, hard carbide or the like by discharge energy. 

10 In the conventional discharge surface treatment method 

as stated above, the material of the electrode reacts with 
carbon generated by the decomposition of components in the 
treatment solution by discharge heat to thereby form a coat 
made of a hard carbide on the treatment target material. 

15 As already described above, various types of 

electrodes are disclosed as the electrode for discharge 
surface treatment. However, the hard coat formed on the 
treatment target material by any one of these electrodes 
mainly contains a carbide . Hardness of the carbide suddenly 

20 decreases under a high temperature environment as shown in 
Fig. 11. Due to this fact, if a coat mainly containing the 
carbide is formed on a cutting tool or the like used under 
a high temperature environment, required properties such 
as corrosion resistance and abrasive resistance cannot be 

25 disadvantageously provided to the cutting tool or the like. 
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DISCLOSURE OF THE INVENTION 

It is an object of the present invention to provide 
an electrode for discharge surface treatment, a method of 
5 manufacturing the electrode for discharge surface treatment, 
and a discharge surface treatment method capable of forming 
a high hardness hard material on a treatment target material 
even under a high temperature environment. 

The electrode for discharge surface treatment 

10 according to the present invention is used to generate 
discharge between the electrode and a treatment target 
material and forms a hard coat on a surface of the treatment 
target material. At least one hard matter having electrical 
insulating property and at least one matter having electrical 

15 conducting property are included as materials of the 
electrode . 

Moreover, the hard matter is at least one of cBN (cubic 
boron nitride ) , diamond, B 4 C ( boron nit ride ) , Al 2 0 3 (aluminum 
oxide) , Si 3 N 4 (silicon nitride) and SiC (silicon carbide) . 

20 The matter having electrical conducting property is 

at least one of metals forming a hard carbide such as Ti, 
W, Mo (molybdenum), Zr (zirconium), Ta (tantalum) and Cr 
(chromium) or at least one of iron-group metals such as Co, 
Ni (nickel) and Fe (iron) . 

25 The method of manufacturing an electrode for discharge 



surface treatment of generating an electric discharge 
between the electrode and a treatment target material and 
forming a hard coat on a surface of the treatment target 
material utilizing the energy radiated during the electrical 
discharge. The electrode is formed by mixing powder of a 
hard matter having electrical insulating property with 
powder of a matter having electrical conducting property 
and compression-molding resultant powder mixture. 

Further, the method of manufacturing an electrode for 
discharge surface treatment according to the present 
invention provides an electrode to be used for a discharge 
surface treatment of generating an electric discharge 
between the electrode and a treatment target material and 
forming a hard coat on a surface of the treatment target 
material utilizing the energy radiated during the electrical 
discharge. The electrode is formed by conducting a heat 
treatment after mixing powder of a hard matter having 
electrical insulating property with powde r of a matter having 
electrical conducting property and compression-molding 
resultant powder mixture. 

Moreover, the electrode for discharge surface 
treatment is formed by adding wax to materials of the 
electrode, then compression-molding the material added with 
the wax, heating the compression-molded material at a 
temperature not less than a temperature of melting the wax 
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and not more than a temperature of decomposing the wax to 
generate soot, and evaporating and removing the wax. 

Further, the method of manufacturing an electrode for 
discharge surface treatment according to the present 
5 invention provides an electrode to be used for a discharge 
surface treatment of generating an electric discharge 
between the electrode and a treatment target material and 
forming a hard coat on a surface of the treatment target 
material utilizing the energy radiated during the electrical 

10 discharge. The electrode is formed by compression-molding 
powder obtained by coating powder of a hard matter having 
electrical insulating property with a matter having 
electrical conducting property or powder obtained by adding 
another powder material to the powder of the hard matter 

15 having electrical insulating property coated with the matter 
having electrical conducting property. 

Further, the method of manufacturing an electrode for 
discharge surface treatment according to the present 
invention provides an electrode to be used for a discharge 

20 surface treatment of generating an electric discharge 
between the electrode and a treatment target material and 
forming a hard coat on a surface of the treatment target 
material utilizing the energy radiated during the electrical 
discharge. The electrode is formed by conducting a heat 

25 treatment after compression-molding powder obtained by 



coating powder of a hard matter having electrical insulating 
property with a matter having electrical conducting property 
or powder obtained by adding another powder material to the 
powder of the hard matter having electrical insulating 
property coated with the matter having electrical conducting 
property . 

Further, the electrode for discharge surface treatment 
is formed by adding wax to material of the electrode, then 
compression-molding the material added with the wax, heating 

the compression-molded material at a temperature not less 

( 

than a temperature of melting the wax and not more than a 
temperature of decomposing the wax to generate soot, and 
evaporating and removing the wax. 

The discharge surface treatment method according to 
the present invention generates an electrical discharge 
between an electrode and a treatment target material and 
forms ahardcoatonasurfaceofthe treatment target material 
utilizing the energy radiated during the electrical 
discharge. The electrode includes at least one hard matter 
having electrical insulating property and atleastone matter 
having electrical conducting property. 

Further, the hard matter is at leas t one of cBN, diamond, 
B 4 C, A1 2 0 3 , Si 3 N 4 and SiC. 

Further, the matter having electrical conducting 
property is at least one of metals forming a hard carbide 
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such as Ti, W, Mo, Zr, Ta and Cr or at least one of iron-group 
metals such as Co, Ni and Fe . 

Since the present invention is constituted as stated 
above, it is possible to form a hard coat having high hardness 
5 on the treatment target material even under a high 
temperature environment. The present invention has, 
therefore, advantages of being suited for the surface 
treatment of a cutting tool or the like used under a high 
temperature environment, and being capable of providing 
10 required properties, such as corrosion resistance and 
abrasion resistance, to the cutting tool or the like used 
under a high temperature environment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 Fig. 1 is a cross-sectional view which shows the concept 

of an electrode for discharge surface treatment and a 
manufacturing method thereof according to the first 
embodiment of the present invention; Fig . 2 is a block diagram 
showing a discharge surface treatment method according to 

20 the first embodiment of the present invention; Fig. 3 is 
an explanatory view which shows a manner in which a coat 
is formed on a treatment target material by the discharge 
surface treatment method according to the first embodiment 
of the present invention; Fig . 4 shows the change of hardness 

25 relative to the temperature of cBN; Fig. 5 is a 



JL iQi G 3 S G i£:n ;; -li" «> i'Cii '3 iEi; IE; O iEi; 

10 

cross-sectional view which shows the concept of an electrode 
for discharge surface treatment manufacturing method 
according to the second embodiment of the present invention; 
Fig. 6 shows an example of the vapor pressure curve of wax 
5 mixed with an electrode for discharge surface treatment 
material during the compression molding of an electrode for 
discharge surface treatment according to the second 
embodiment of the present invention; Fig. 7 is a 
cross-sectional view which shows the concept of an electrode 

10 for discharge surface treatment and a manufacturing method 
thereof according to the third embodiment of the present 
invention; Fig. 8 is a cross-sectional view which shows an 
electrode for discharge surface treatment manufacturing 
method according to the fourth embodiment of the present 

15 invention; Fig. 9 is a block diagram showing a discharge 
surface treatment method according to the fifth embodiment 
of the invention; Fig. 1 0 is a block diagram showing an example 
of a conventional electrode for discharge surface treatment 
and a conventional discharge surface treatment apparatus; 

20 and Fig. 11 shows the change of hardness relative to the 
temperature of a carbide. 

BEST MODE FOR CARRYING OUT THE INVENTION 
First Embodiment: 
25 Fig. 1 is a cross-sectional view which shows the concept 
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of an electrode for discharge surface treatment and a 
manufacturing method thereof according to the first 
embodiment of the present invention- In Fig. 1, reference 
numeral 10 denotes an electrode for discharge surface 
5 treatment, reference numeral 11 denotes cBN powder which 
is an electrically insulating hard matter, reference numeral 
12 denotes Co-based alloy powder which is a conductive matter, 
reference numeral 13 denotes the upper punch of a mold, 
reference numeral 14 denotes the lower punch of the mold, 

10 and reference numeral 15 denotes a molding die. The cBN 
powder 11 and the Co-based alloy powder 12 are mixed together 
and the powder mixture is put into a press mold and 
compression-molded to thereby form the electrode 10. 

Next, the method of manufacturing the electrode 10 

15 will be described. If cBN containing coat is to be formed 
on a treatment target material by a discharge surface 
treatment, it is necessary to use cBN powder as an electrode 
material. The cBN powder is, however, electrically 
insulating material and cannot be, therefore, used as a sole 

20 electrode material. In addition, since cBN is hard, the 
powder cannot be hardened by compression molding using a 
press. As can be seen, since the cBN cannot be used as a 
sole material for the electrode 10, it is necessary to mix, 
as a binder, conductive metal or the like with the cBN powder 

25 so as to employ cBN as the material of the electrode 10. 
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That is, the cBN powder is mixed with binder powder and the 
powder mixture is put into a press mold in which the powder 
mixture is compression-molded to thereby produce the 
electrode 10 . 

5 Since cBN is an electric insulator, it is necessary 

to add the conductive binder in larger quantities if 
compression molding is performed by the press. The reason 
is as follows. While a cBN coat is formed by heat generated 
by discharge, it is to the conductive binder part on which 

10 discharge is actually generated on the electrode and no 
discharge is generated on the cBN which is an electric 
insulator. Particularly, if the electrode is formed only 
by the compression molding, then all the binder particles 
do not get electrically coupled to one another. Therefore, 

15 it is necessary to increase the quantity of the binder to, 
for example, preferably about 50% by weight. 

Fig. 2 is a block diagram showing a discharge surface 
treatment method according to the first embodiment of the 
invention. Fig. 3 shows a manner in which a hard coat is 

20 formed on a treatment target material by the discharge 
surface treatment method according to the first embodiment 
of the invention. In Figs. 2 and 3, reference numeral 3 
denotes a treatment bath, reference numeral 4 denotes a 
treatment solution, reference numeral 10 denotes the 

25 electrode for discharge surface treatment made of cBN and 
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Co-based alloy, reference numeral 16 denotes a treatment 
target material, reference numeral 17 denotes a discharge 
surface treatment power-supply unit consisting of a DC power 
supply, a switching element, a control circuit and the like, 
5 reference numeral 18 denotes a discharge arc column, 
reference numeral 19 denotes an electrode for discharge 
surface treatment component molten by discharge heat and 
moved toward the treatment target material, and reference 
numeral 20 denotes a hard coat consisting of cBN and Co-based 

10 alloy. The discharge surface treatment power-supply unit 
17 shown in Fig. 2 generates discharge between the electrode 
10 and the treatment target material 16. The discharge is 
generated between a Co-based alloy part which is the 
conductive binder in the electrode 10 and the treatment 

15 target material 16. As shown in Fig. 3(a), the electrode 
10 gets molten because of the electric discharge energy and 
the molten material 19 is dispersed in the portion between 
the electrode and the treatment target material . The molten 
material 19 is deposited onto the treatment target material 

20 16 to thereby form a hard coat 20 made of cBN and Co-based 
alloy on the treatment target material 10 as shown in Fig. 
3 (b) . 

Since cBN has hardness close to that of diamond, the 
merit of forming a coat of cBN onto the treatment target 
25 material is quite large. Particularly, if the treatment 



target material is a tool and if it is coated with a diamond 
coat, then it cannot be used to treat iron material. Such 
tool is, therefore, mainly used to treat nonferrous metal. 
However, the tool coated with the cBN coat is suited for 
use when the treatment targets are iron-base materials which 
market size is dominant. In this way, the the tool coated 
with the cBN coat is quite convenient . Since the development 
of a method which deposits a thin cBN coat is slow, the 
discharge surface treatment method according to the present 
invention is of great significance. Fig. 4 shows the change 
of hardness relative to the temperature of cBN and indicates 
high hardness even under a high temperature environment 
compared with a case of the carbide shown in Fig. 11. 
Second Embodiment: 

The electrode for discharge surface treatment 
according to the first embodiment of the invention is formed 
by mixing cBN powder which is an electrically insulating 
hard matter with Co-based alloy powder which is a conductive 
matter and which is used as a binder, putting the powder 
mixture into a press mold and compression-molding the mixture 
By conducting a heat treatment, if necessary, it is possible 
to make the electrode for discharge surface treatment exhibit 
desired strength in a certain range. 

Since cBN is an electrically insulating matter, it 
is necessary to mix a conductive binder with cBN . If a heat 
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treatment is conducted, however, binder components are 
molten and electric conductivity improves and the binder 
maybe, therefore, relatively in small quantities . As shown 
in the first embodiment of the invention, if the electrode 
5 is formed only by compression molding, it is desirable to 
set the quantity of the binder at about 50% by weight. If 
a heat treatment is conducted after compression molding, 
it is possible to obtain electrical conductivity usable as 
that of the electrode even with the quantity of the binder 

10 in a range of a few to several tens of percentage by weight. 

If the electrode is formed only by compression molding, 
the material mixed with the powder which is an electrode 
material becomes an electrode component as it is. For that 
reason, it is not preferable to mix unnecessary components . 

15 If a heat treatment is conducted after compression molding, 
by contrast, it is possible to improve moldability by adding 
a material which is evaporated if heat is applied thereto. 
For example, if wax is mixed with the powder serving as an 
electrode material, it is possible to considerably improve 

20 moldability during the compression molding using a press. 

Fig. 5 shows a method of manufacturing an electrode 
for discharge surface treatment according to the second 
embodiment by mixing wax with an electrode material . In 
Fig. 5, reference numeral 10 denotes the electrode for 

25 discharge surface treatment, reference numeral 11 denotes 
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cBN powder, reference, numeral 12 denotes Co-based alloy 
powder, reference numeral 23 denotes wax such as paraffin, 
reference numeral 24 denotes a vacuum furnace, reference 
numeral 25 denotes a high frequency coil and reference 
5 numeral 26 denotes a vacuum atmosphere. By mixing the wax 
23 with powder mixture of the cBN powder 11 and the Co-based 
alloy powder 12, compression-molding the resultant powder 
mixture and forming a green compact electrode, it is possible 
to greatly improve moldability. However, because the wax 

10 23 is an electrically insulating matter, if the wax 23 is 
left in the electrode in large quantities, the electric 
resistance of the electrode increases to thereby deteriorate 
discharge characteristic. It is, therefore, necessary to 
remove the wax 23. Fig. 5(a) shows a manner in which the 

15 green compact electrode mixed with the wax 23 is put in the 
vacuum furnace 24 and heated therein . While Fig . 5 ( a ) shows 
that the heat treatment is conducted in the vacuum atmosphere 
2 6, it may be conducted in an atmosphere ofgassuchas hydrogen 
or argon. The green compact electrode in the vacuum furnace 

20 24 are subjected to a high frequency heat treatment by the 
high frequency coil 25 disposed around the vacuum furnace 
24. At this moment, if heating temperature is too low, the 
wax 23 cannot be removed and if heating temperature is too 
high, the wax 23 is transformed into, soot to deteriorate 

25 the purity of the electrode. It is, therefore, necessary 
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to keep the heating temperature to be not less than the 
temperature at which the wax 23 is molten and not more than 
the temperature at which the wax 23 is decomposed and 
transformed into soot. By way of example, Fig. 6 shows the 
5 vapor pressure curve of the wax having a boiling point of 
250°C. If the atmospheric pressure of the vacuum furnace 
24 is kept to be not more than the vapor pressure of the 
wax 23, the wax 23 is evaporated and removed and the electrode 
10 can be obtained as shown in Fig. 5 <b) . If no wax is used, 

10 it is necessary to select a low hardness material as a binder 
material. If the wax is used, a hard material such as TiN 
(titanium nitride) , TiC, HfC (hafnium carbide) or TiCN 
(titanium carbide nitride) can be used as a binder, making 
it possible to further increase the hardness of a coat. 

15 Third Embodiment: 

Fig. 7 isacross-sectionalview which shows the concept 
of an electrode for discharge surface treatment and a 
manufacturing method thereof according to the third 
embodiment of the present invention. In Fig. 7, reference 

20 numeral 11 denotes the cBN powder which is an electrically 
insulating hard matter, reference numeral 12a denotes a Co 
coat which is a conductive matter, reference numeral 13 
denotes the upper punch of a mold, reference numeral 14 
denotes the lower punch of the mold, reference numeral 15 

25 denotes a molding die, and reference numeral 27 denotes an 
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electrode for discharge surface treatment. The cBN powder 
11 is coated with the Co coat 12a and such coating can be 
easily performed by evaporation or the like. 

If the cBN powder 11 coated with the Co coat 12a as 
5 stated above is put into a press mold and compression-molded, 
the Co coat 12a is deformed and pressure-bonded by pressure 
applied by the press, whereby the Co coat 12a and the cBN 
powder 11 are integrated with each other as the electrode. 

In the case of the electrode for discharge surface 

10 treatment 27 thus formed, the quantity of a binder material 
can be made smaller than those of the electrode for discharge 
surface treatments in the first and second embodiments of 
the invention. According to the discharge surface 
treatment employing the electrode 27, therefore, the 

15 percentage of cBN in the hard coat formed on the treatment 
target material increases, making it possible to form a hard 
coat having higher hardness. 

In the discharge surface treatment using the electrode 
consisting of cBN and Co, since cBN is an electrically 

20 insulating matter, discharge is not directly generated on 
cBN but on Co which is the conductive binder. Heat energy 
generated by this discharge moves cBN as well as Co as the 
binder toward the treatment target material and a coat is 
formed on the treatment target hard material. In the 

25 discharge surface treatment using the electrode 27 according 
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to the present invention, since the cBN powder 11 which is 
the electrically insulating hard matter and contained in 
the electrode 27 is coated with the Co coat 12a which is 
the conductive matter, the surfaces of the electrode 27 are 
5 completely conductive to make it possible to stably generate 
discharge . 

Furthermore, since it is necessary to set the particle 
diameter of the cBN powder 11 coated with the Co coat 12a 
to be smaller than the distance between the electrode 27 

10 and the treatment target material during the discharge 
surface treatment, it is preferable that the particle 
diameter of the cBN powder 11 is about not more than 10 urn. 
Accordingly, cBN needs to have a smaller particle diameter. 
Besides, it is preferable that the thickness of this Co coat 

15 is about not more than 1 to 2 \xm. This is because if the 
Co coat is thicker, the ratio of the binder is higher. 
However, if the Co coat is extremely thin, the Co coat cannot 
function as a binder, so that the Co coat needs to be thick 
to a certain extent. For example, if the particle diameter 

20 of the cBN powder is 5 jjjn, the optimum thickness of the Co 
coat is about 1 um. 
Fourth Embodiment : 

Fig. 8 is a cross-sectional view which shows a method 
of manufacturing an electrode for discharge surface 

25 treatment according to the fourth embodiment of the present 



invention. Fig. 8(a) shows the electrode 27 coated with 
a Co coat 12a and obtained by compression-molding cBN powder 
11 by the method described in the third embodiment of the 
invention. In addition, Fig. 8(b) shows a state in which 
the electrode 27 shown in Fig. 8 (a) are put in a vacuum furnace 
24 and subjected to a high frequency heat treatment by a 
high frequency coil 25, and Fig. 8(c) shows the configuration 
of the electrode 27a after the heat treatment. Here, 
reference numeral 12b denotes Co after the heat treatment 
and reference numeral 28 denotes a bubble. 

Even by compression-molding the cBN powder 11 coated 
with the Co coat 12, the molded elect rode 27 has conductivity. 
However, since the Co coat 12a is only deformed and 
pressure-bonded to the electrode 27, the strength of the 
electrode 27 is low and a defect such as the breakage of 
the electrode 27 often occurs. In that case, by conducting 
a heat treatment to the compression-molded electrode, it 
is possible to intensify the strength of the electrode and 
improve the conductivity of the electrode. As explained 
with respect to the second embodiment of the invention, the 
same advantage can be obtained by conducting a heat treatment 
after the powder mixture of the cBN powder and the Co-based 
alloy powder is compression-molded. However, since the 
electrically insulating matter and the conductive matter 
are mixed together, it is required to set the heating 
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temperature at not less than 1300°C so as to intensify the 
electrode strength. Furthermore, since cBN has change in 
the crystal structure of hBN (hexagonal boron nitride) from 
about 15 00 °C, a property necessary as cBN cannot be obtained. 
5 Therefore, the problem that a property necessary as cBN 
cannot be obtained may possibly occur with the method which 
conducts a heat treatment after the powder mixture of the 
cBN powder and the Co-based alloy powder is 
compression-molded as described in the second embodiment 

10 of the invention. According to the method which conducts 
a heat treatment after the cBN powder 11 coated with the 
Co coat 12a is compression-molded as described in this fourth 
embodiment of the invention, by contrast, since each powder 
contacts with the metallic material or the coating material, 

15 it is possible to intensify the strength of the electrode 
by a heat treatment at relatively low temperature of, for 
example, not more than 1200°C thanks to the heat conduction 
of this metallic material part. Consequently, the 
above-stated problem that a necessary property as cBN cannot 

20 be obtained does not occur. 

Furthermore, the method which conducts a heat 
treatment after the cBN powder 11 coated with the Co coat 
12a is compression-molded is described above. With a view 
of improving moldability during the compression molding, 

25 if the same method as that shown in Fig. 5 in the second 
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embodiment of the invention, i.e., method which mixes wax 
such as paraffin with the cBN powder 11 coated with the Co 
coat 12a in advance and removes the wax by evaporating the 
wax during the heat treatment is adopted, the molding of 
5 electrode is further facilitated. This method is 
particularly advantageous in the manufacturing of an 
electrode complex in shape or large in size. 
Fifth Embodiment: 

Fig. 9 is a block diagram showing a discharge surface 

10 treatment method according to the fifth embodiment of the 
present invention. In Fig. 9, reference numeral 3 denotes 
a treatment bath, reference numeral 4 denotes a treatment 
solution, reference numeral 11 denotes cBN powder , reference 
numeral 16 denotes a treatment target material, reference 

15 numeral 17 denotes a discharge surface treatment 
power-supply unit consisting of a DC power supply, a 
switching element , a control circuit and the like , reference 
numeral 18 denotes a discharge arc column, reference numeral 
28 denotes a bubble, reference numeral 29 denotes Ti, and 

20 reference numeral 30 denotes an electrode for discharge 
sur face treatment . The electrode 30 is formed by conducting 
a heat treatment after the cBN powder coated with a Ti coat 
is compression-molded. 

A voltage is applied between the electrode 30 and the 

25 treatment target material 16 by the discharge surface 
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treatment power-supply unit 17 to thereby generate 
pulse-like discharge. Since cBN is an electrically 
insulating matter, the discharge is generated on the Ti 29 
part of the electrode 30. Heat energy generated by this 
5 discharge transforms a part of the electrode material into 
a molten state, the molten electrode material part is moved 
toward the treatment target material 16 by an explosive force 
due to this discharge and a coat containing cBN and Ti is 
formed on the treatment target material 16. I f the treatment 
10 solution 4 is oil, Ti serving as a binder reacts with carbon 
which is a constituent element of the treatment solution 
4 to form Tic and the coat formed on the treatment target 
material 16 becomes an extremely hard coat consisting of 
cBN and Tie . 

15 While a case of cBN as the electrically insulating 

hard matter has been explained above, the electrically 
insulating hard matter is not limited to cBN . Diamond, B 4 C, 
A1 2 0 3 , Si 3 N 4 , SiC or the like can be used as the electrically 
insulating hard matter. 

20 Furthermore, it has been mentioned above that the 

conductive material mixed with or coating the electrically 
insulating hard material being Co and Ti . The conductive 
material is not limited to these materials. Metal forming 
a hard carbide such as W, Mo, Zr, Ta or Cr or iron-group 

25 metal such as Ni or Fe can be used as the conductive material . 
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INDUSTRIAL APPLICABILITY 

As stated so far, the electrode for discharge surface 
treatment, the method of manufacturing the electrode for 
5 discharge surface treatment, and the discharge surface 
treatment method according to the present invention are 
suited for use in industries associated with the surface 
treatment which forms ahardcoat on the surface of a treatment 
target material. 
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CLAIMS 

1. An electrode for discharge surface treatment used for 
a discharge surface treatment of generating an electrical 
discharge between the electrode and a treatment target 
material and forming a hard coat on a surface of said treatment 
target material, wherein 

at least one hard matter having electrical insulating 
property and atleastone matter having electrical conducting 
property are included as materials of said electrode. 

2. The electrode according to claim 1, wherein said hard 
matter is at least one of cBN, diamond, B 4 C, A1 2 0 3/ Si 3 N 4 
and SiC. 

3. The electrode according to claim 1 , wherein said matter 
having electrical conducting property is at least one of 
metals forming a hard carbide such as Ti, W, Mo, Zr, Ta and 
Cr or at least one of iron-group metals such as Co, Ni and 
Fe . 

4. A method of manufacturing an electrode for discharge 
surface treatment of generating an electric discharge 
between the electrode and a treatment target material and 
forming a hard coat on a surface of the treatment target 
material utilizing the energy radiated during the electrical 
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discharge, wherein 

said electrode is formed by mixing powder of a hard 
matter having electrical insulating property with powder 
of a matter having electrical conducting property and 
5 compression-molding resultant powder mixture. 

5. A method of manufacturing an electrode for discharge 
surface treatment of generating an electric discharge 
between the electrode and a treatment target material and 

10 forming a hard coat on a surface of the treatment target 

material utili zing the energy radiated during the electrical 

discharge, wherein 

said electrode is formed by conducting a heat treatment 

after mixing powder of a hard matter having electrical 
15 insulating property with powder of a matter having electrical 

conducting property and compression-molding resultant 

powder mixture. 

6. The me thod according to claim 5 , wherein said electrode 
20 is formed by adding wax to materials of said electrode, then 

compression-molding the material added with the wax, heating 
the compression-molded material at a temperature not less 
than a temperature of melting said wax and not more than 
a temperature of decomposing said wax to generate soot, and 
25 evaporating and removing said wax. 



7. A method of manufacturing an electrode for discharge 
surface treatment according to the present invention 
provides an electrode to be used for a discharge surface 
treatment of generating an electric discharge between the 
electrode and a treatment target material and forming a hard 
coat on a surface of the treatment target material utilizing 
the energy radiated during the electrical discharge, wherein 

said electrode is formed by compression-molding powder 
obtained by coating powder of a hard matter having electrical 
insulating property with a matter having electrical 
conducting property or powder obtained by adding another 
powder material to the powder of the hard matter having 
electrical insulating property coated with the matter having 
electrical conducting property. 

8. A method of manufacturing an electrode for discharge 
surface treatment according to the present invention 
provides an electrode to be used for a discharge surface 
treatment of generating an electric discharge between the 
electrode and a treatment target material and forming a hard 
coat on a surface of the treatment target material utilizing 
the energy radiated during the electrical discharge, wherein 

said electrode is formedby conducting a heat treatment 
after compression-molding powder obtained by coating powder 
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of a hard matter having electrical insulating property with 
a matter having electrical conducting property or powder 
obtained by adding another powder material to the powder 
of the hard matter having electrical insulating property 
coated with the matter having electrical conducting 
property . 



9. The method according to claim 8 , wherein said electrode 
is formed by adding wax to material of said electrode, then 

10 compression-molding the material added with the wax, heating 
the compression-molded material at a temperature not less 
than a temperature of melting said wax and not more than 
a temperature of decomposing said wax to generate soot, and 
evaporating and removing said wax. 

15 

10. A discharge surface treatment method of generating 
an electric discharge between an electrode for discharge 
surface treatment and a treatment targe t material and forming 
a hard coat on a surface of said treatment target material 

20 utilizing the energy radiated during the electrical 
discharge, wherein 

said electrode includes at least one hardmatter having 
electrical insulating property and at least one matter having 
electrical conducting property. 



25 
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11. The discharge surface treatment method according to 
claim 10, wherein said hard matter is at least one of cBN, 
diamond, B 4 C, A1 2 0 3 , Si 3 N 4 and Sic. 

12. The discharge surface treatment method according to 
claim 10, wherein said matter having electrical conducting 
property is at least one of metals forming a hard carbide 
such as Ti, W, Mo, Zr, Ta and Cr or at least one of iron-group 
metals such as Co, Ni and Fe . 
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ABSTRACT 

cBN powder (11) which is an electrically insulating 
hard matter is mixed with Co-based alloy powder (12) which 
is a conductive matter, resultant powder mixture is put into 
5 a press mold and compression-molded to thereby form an 
electrode for discharge surface treatment (10) . Electric 
discharge is generated between the electrode (10) and a 
treatment target material (16) by a discharge surface 
treatment power-supply unit (17), and a hard coat (20) made 
10 of cBN and Co-based alloy having high hardness even in a 
high temperature environment is formed on the treatment 
target material (16). 
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